Alzheimer's disease (AD) is the most prevalent neurodegenerative disorder related to aging and central nervous system dysfunctions. Besides compromising the memory, AD is responsible for deficits in attention, orientation, organization, the capacity of planning and judging, among other cognitive functions, leading to the inability of living independently. The pharmacological treatment is only palliative. Thus, researches on stem cells implants emerge as promising prospects for the cure of central nervous system's disorders. The aim of this study was to investigate the effects of stem cells implants from human dental pulp, human adipose tissue and mice renal tissue on the behavior of rats in a model for AD. To this purpose, male adult rats of Wistar strain underwent stereotactic surgery for lesions of the nucleus basalis magnocellularis with unilateral AMPA infusions. Twenty one days from surgery for lesions, In the elevated T-maze, the significant mean was identified in the inhibitory avoidance (p= 0.028). Implants of stem cells demonstrated an improvement in the performance of implanted animals compared to the non-implanted group.
Introduction

Literature Review
Alzheimer's disease (AD) is the most prevalent neurodegenerative disorder associated with aging (Niedowicz, Nelson and Murphy, 2011) and its incidence is expected to grow intensively such that by 2050 over 100 million people worldwide will have developed the dementia (Prince, Bryce and Ferri, 2011) . AD is characterized by the progressive loss of cognitive functions, specially, the memory. However, besides compromising the memory, this pathology is responsible for deficits in attention, orientation, organization, in the capacity of planning and judging, among other cognitive functions (Weintraub et al., 2009) , leading to the inability of living independently.
Pathological hallmarks of AD are dystrophic neuritis associated with plaques and neurofibrillary tangles within nerve cell bodies in the basal forebrain and neocortical cholinergic pathways (Wszolek, 2008) . The widespread neurons loss and synaptic connectivity in AD seem to be caused by the accumulation of toxic species of the β-amyloid (Aβ) peptide (Chen, & Blurton-Jones, 2012) . Pharmacological treatments for this disorder are palliative, having the property of slowing down the speed of the disease's progression. Thus, stem cells-based therapy constitute promising prospects for the treatment of central nervous system (CNS) disorders, once it is known that stem cells (SCs) have a great potential to develop into many types and subtypes of cells, besides being able of in vitro long term survival and selfrenewal (Ibarretxe et al., 2012) .
Mesenchymal stem cells (MSCs) have important advantages over embryonic SCs, such as the facility for isolation, the capacity to propagate in culture and the property of non-immunogenic characteristics (Bydlowski, Debes, Maselli and Janz, 2009 ) besides expressing some common antigens in rats and humans (Foudah et al., 2012) . Animal models represent a suitable model for in vivo and in vitro studies since there are physiological characteristics similar to those of human (Bugos, Bhide and Zilka, 2009) .
SCs-based therapies may effectively support activation of neurogenesis, as well as migration, maturation and integration of newly generated neurons in a functional network through the production of diffusible trophic factors (Okano, Sakaguchi, Ohki, Suzuki and Sawamoto, 2007) , enlightening the possibility of SCs to treat neurodegenerative diseases.
Research Question
According to the potential therapeutic application of MSCs for neurodegenerative diseases, the aim of this study was to investigate the effects of SCs grafts on the behavior of rats in an AD model. Our working hypothesis was that engrafted animals would improve their behavior when compared to the non-engrafted group. For the study we used SCs from human Dental Pulp of Deciduous Teeth (DPDTh-SCs), human Adipose Tissue (AThSCs) and mice Renal Tissue (RTm-SCs). Health, 1996) and experiments were approved by the local Ethics and Research Committee (UFCSPA, protocol no.079-11, project no. 051-11).
Rats were distributed into 5 different groups (12 animals per group): control, AMPA, DPDTh-SCs, ATh-SCs and RTm-SCs. The goal of the first surgery was to lesion the nucleus basalis magnocellular (NBM), an analogous structure to the nucleus basalis of Meynert in humans (nbM). Except for the control group that received saline infusions, all of the others received infusions of AMPA. In the second surgery, except for the control and the AMPA groups which received saline infusions, SCs were implanted. The groups were distributed according to the following: 
Experimental Procedures
All lesion and graft surgeries followed the same anesthetic and post operative care procedures. For sham surgery, animals underwent the same procedure for lesioning and grafting and received the respect vehicle injection at the same coordinates.
Anesthesia:
Rats were weighed and intraperitoneal (ip) anesthetized with xylazine (10 mg/kg) and ketamine (100 mg/kg).
Surgery for Lesions and Grafts:
Animals were mounted on a stereotactic frame (Insight, Brazil) and a midline incision was made with a scalpel. Bregma was located and the coordinates calculated. Appropriate holes were made through the skull using a dental drill, exposing the dura mater but not touching it. For lesioning, a cannula attached to a 5µL Hamilton syringe was used. Unilateral injections of 0.4µL of AMPA (S-AMPA: Tocris Neuramin, UK) in a 0.05mM sterilized phosphate buffered saline (PH 7.4) were infused at a flow rate of 0.2 µL/minute. Anterior/posterior (AP) coordinates taken from bregma, lateral (L) midline and ventral (V) depth from dura mater, used the following coordinates: rostral AP: +1.0; L: +2.6; V: -7.5 and caudal AP: +0.2; L: +3.2; V: -7.0.
For grafting, an interval of 21 days after lesion surgeries was used as a standard operating procedure. Each lesioned animal received two infusions in the frontal and parietal cortices of 2,5uL of a suspension containing 50.000 cells/uL performing about 125,000 cells per infusion. A total of 250,000 cells was implanted. The infusions were made through a 10µL Hamilton syringe with flap tip removable needle fixed on the measurement arm of the stereotactic apparatus. Each injection took 2.5 minutes (speed rate of 1µL/minute), using the following coordinates for frontal and parietal cortices, respectively: AP: +3,2; L: +3,5; V:-3,0 and AP: -1,0; L: +5,0; V: -2,2.
Cell Preparation Procedure:
The stem cells used in this study were isolated using previously published standard protocols. (FBS) . The suspension was centrifuged at 800xg for 10 minutes and cultured in tissue culture flasks. Dental pulp tissue was removed after signed Parent Consentient Term from 30 different patients, aged from 6 to 12 years. From all the teeth, 21 were in advanced levels of resorption and the remaining nine teeth did not show any visible resorption. Pulp tissue was collagenase digested, and the suspension seeded onto 12-well plates. Mice kidney-derived mesenchymal stem cells were isolated by digestion of half kidney with 1 mg/ml of collagenase type 1 in DMEM for 45 min at 37º C followed by pippeting for tissue dissociation. After collagenase neutralization cells were centrifuged at 300xg for 10 min and cells were plated in a well of a 6-well plate.
The non-adherent cells were removed with media changes and subsequent changes made every 3-4 days until cultures reach confluence.
After confluence, the primary cultures were washed in PBS without Ca2+ and Mg2+ (Sigma) followed by incubation for 5 min with 0,25% tripsin-EDTA solution at 37ºC. Passages were done when cultures achieved at least 90% of confluence. 
Post-Operative Care Procedure:
After surgeries, animals were caged individually and given wet mashed food until normal drinking and feeding was returned. The cage's floor was covered with white crepe paper to facilitate checking food intake, defecation and urine conditions. Wet and dry pellets were placed in the cages to monitor food consumption. Besides this, twisting, rolling over, shaking and convulsive fits were observed as effects of the lesion. Animals were considered recovered when the presurgery weight was re-gained, there was no blood in the urine and normal movement was re-established. They were then grouphoused and daily monitored.
Behavioral Tests
After 21 days of the surgical procedures, experiments were carried out using the following sequence of testing: open field, elevated T-maze and object recognition. At the end of each test, animals were given a three-day interval. Tests run in the order listed, from least invasive to most invasive.
Open Field (OF) was used to investigate the influence of lesions and grafts on motor activity and exploratory behavior of the subjects. Animals were exposed to the OF for 2 minutes, 4 days in a row. The whole procedure was recorded. The number of crossings and the avoidance of the central area were taken under consideration. According to Bogdanov (2013) , a decrease in the ambulation may be used to investigate anxiety and fear, and the avoidance of the central area may indicate a restraint of dangerous environments. The OF consisted of a circular wooden arena (80cm in diameter with walls 40cm high). The floor was divided into 12 segments of approximately the same area (Open Field -Rats. Insight, Brazil). Animals were taken to a pre-test waiting room for 30 minutes before the experiment started. The test sessions were carried out in the presence of a researcher and they were recorded by a video camera placed 1,5m above the apparatus. Rats were carefully handled and placed individually at the centre of the apparatus, and after 2 minutes of testing they were placed back in the group cage.
Elevated T -Maze (ETM) was used in the study to evaluate two types of fear responses: learned and innate. Repeatedly placing the rat inside the enclosed arm to explore the maze allows the animal to learn not to enter open arms (inhibitory avoidance learning). Re-exposing the animal to the situation after a time interval assesses memory of emotional related behavior, whereas placing the animal in an open arm produces unlearned escape responses into the enclosed arms (Conde et al., 2000) .
The apparatus consisted of an enclosed perpendicularly positioned arm at a right angle to two open arms elevated 50cm from the ground (Elevated T-Maze -Rats. Insight, Brazil). Placing the animals repeatedly into the enclosed arm allows them to explore the maze and learn inhibitory avoidance of the open arms. Placing them at the end of one open arm produces an escape response generally to the enclosed arm (Zangrossi and Graeff, 1997) . Re-exposing the animals to the same situation after a time interval assesses memory of these emotionally related behaviors (Conde et al., 2000) . Conde and colleagues (2000) demonstrated that a multi-trial training-to-criterion (criterion of 5 minutes not evading to the open arms) increased avoidance and escape performance on later trials. The following behaviors were scored in the ETM: number of trials before reaching the criterion of 300 seconds in the enclosed arm (acquisition), latency to return to the enclosed arm after the criterion was obtained (escape 1), and latency to go to the enclosed arm (escape 2).
Object Recognition (OR) was carried out in the same arena used in the OF (Insight, Brazil). All animals were habituated to the environment 30 minutes before the sessions. The two objects were made out of metal and plastic and were fixed to the arena's floor with adhesive ribbon. The training session was held 24hours before the trial, and the animals were placed in the arena containing one object, being left to freely explore it for 15 minutes. The test was repeated 24 hours later to evaluate long-term memory, following the protocol described by Ferreira (2009) . In the trial, a novel object was put along with the familiar and the animal was left to explore both objects freely. Exploration was recorded. Time spent to explore the objects was analyzed by a blind observer.
Perfusion and Fixation
At the end of the behavioral testing, animals were anesthetized with xylazine (10 mg/kg ip) and ketamine (100 mg/kg ip) and transcardially perfused with 300mL of heparanized saline followed by 4% paraformaldehyde (PFA) in a 0.1M sodium phosphate buffer saline (pH 7.4). The heparanized saline was cooled and PFA was at room temperature. After pre-wash and fixation perfusions, brains were removed from the skull, post fixed for 24hours at 4ºC in PFA and transferred to 30% sucrose in PBS solution cryoprotection. Brains were kept in sucrose for at least 10 days and then cut at 40 micrometers in a cryotome.
Immunostaining
Immunostochemical methods were used to identify lesion sites, phenotypes of grafted cells, migration and reaction of the host tissue to the implanted material. Frozen sections were washed in PBS 3 times for 5 minutes. Primary antibodies were diluted in anti-NeuN, anti-hNuclei and anti-ChAt and put in the shaker for 24hours. Frozen sections were then washed in PBS 3 times for 5 minutes and the secondary staining used were goat anti-mouse, goat anti-rabbit and donkey anti-goat (depending on the primary used) Alexa 488 and 568 (Molecular Probes, UK), green and red, respectively, at concentrations of 1:400. Hoechst 33342 (Molecular Probes) counterstaining was used in all studies. Hoechst is a cell-permeat nuclear dye that emits blue fluorescence at UV light when bound to DNA (double-stranded desoxyribonucleic acid). The images taken from treated sections were analyzed in a fluorescent microscope (Olympus, BX 51).
Statistical Analyses
Data from OF and OR were expressed as mean ± SD and standard error (SE). The intergroup data were analyzed using one way ANOVA, followed by the Bonferroni post hoc test. Data from ETM were analyzed using Kruskal-Wallis. Nonparametric post hoc comparisons were analyzed by U Mann-Whitney test followed by Bonferroni's correction. A 'p' ≤ 0.05 was considered statistically significant for all tests and data analyses were held in the SPSS 17 package for Windows.
Results
Open Field. In the first day of the OF, there was statistically significant difference among groups on the crossing variable (p=0,001), as shown in Table 1 . The Bonferroni post hoc test showed significant difference between the Control group and ATh-SC group; the AMPA group and RTmSCs group; and the RTm-SCs and ATh-SCs implanted groups. In the second day of testing it was possible to verify statistical difference among 3 variables: time spent in the periphery area (p= 0,012), time spent in the center area (p= 0,012) and latency (p= 0,012). Bonferroni's post hoc test demonstrated powerful differences between the AMPA group and control group; the AMPA group and DPDTh-SCs group; and the AMPA group and ATh-SCs group (see Table 1 ). There was no other significant statistical value in the testing days 3 and 4. Periphery 2 = time spent in the periphery area in the second day.
Table1. Open Field: Significant Variables from First and Second Days
Center 2 = time spent in the center area in the second day.
Latency 2 = time spent to leave the center area in the second day. Control = Saline + Saline (n=8), AMPA = AMPA + Saline (n= 8), AMPA + DPDTh = AMPA + SCs implant from human dental pulp from deciduous teeth (n= 9), AMPA + ATh = AMPA + SCs implant from human adipose tissue (n= 10), AMPA + RTm = AMPA+ SCs implant from mice renal tissue (n= 9). p* value considered < 0,05. One way ANOVA, Bonferroni post-hoc test: significance is expressed among the groups by the identical letters "a", "b" and "c". Elevated T -Maze. Kruskal-Wallis' test showed statistical difference in the 'latency' variable from the second testing day (p=0,028). The U Mann-Whitney's test followed by the Bonferroni's correction demonstrated differences between the AMPA group and the ATh-SCs group (p = 0,005); and between the control group and ATh-SCs group (p=0,005) (see Figure 2) . No other statistical difference was pointed out in this behavioral test (see Table 2 ). Control = Saline + Saline (n=8), AMPA = AMPA + Saline (n= 8), AMPA + DPDTh = AMPA + SCs implant from human dental pulp from deciduous teeth (n= 9), AMPA + ATh = AMPA + SCs implant from human adipose tissue (n= 10), AMPA + RTm = AMPA+ SCs implant from mice renal tissue (n= 9). p* value = value used for a 'p' < 0,05. Kruskal-Wallis' and Mann-Whitney's Tests: significance is expressed among the groups by the identical letters "a", "b" and "c". M = median, IIQ = interquartil interval, IA= inhibitory avoidance, Control = Saline + Saline (n=8), AMPA = AMPA + Saline (n= 8), AMPA + DPDTh = AMPA + SCs implant from human dental pulp from deciduous teeth (n= 9), AMPA + ATh = AMPA + SCs implant from human adipose tissue (n= 10), AMPA + RTm = AMPA+ SCs implant from mice renal tissue (n= 9). Number 1 represent the training and number 2 represent the trials. p* value = value used for a 'p' < 0,05. Kruskal-Wallis' and Mann-Whitney's Tests: significance is expressed among the groups by the identical letters "a", "b" and "c".
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Object Recognition. There was no statistical significance in the intergroup comparison between the variables 'time spent exploring the novel object' and 'time spent exploring the familiar object' (Table 3) . However, there was statistical significance among the intergroup medias in the analyses of the 'difference between exploration of the novel object and the familiar object' (p = 0, 03). Bonferroni's post hoc test identified a powerful difference between the control group and ATh-SCs group (p= 0, 03). M = media, SE = standard error, NO = novel object, FO = familiar object, Control = Saline + Saline (n=8), AMPA = AMPA + Saline (n= 8), AMPA + DPDTh = AMPA + SCs implant from human dental pulp from deciduous teeth (n= 9), AMPA + ATh = AMPA + SCs implant from human adipose tissue (n= 10), AMPA + RTm = AMPA+ SCs implant from mice renal tissue (n= 9). p* value = value used p < 0,05. One way ANOVA, Bonferroni post hoc test: significance expressed with identical letter "a".
Histology
It was possible to identify, in all AMPAinfused animals, smaller or none cholinergic expression in the ipsi-lateral side of the lesion. Also, in the NBM examination it was observed cholinergic stained cells in the contra-lateral side of infusion, implying successful cholinergic depletion (Figure 3 ).
Human and mice implanted stem cells were not positively visualized in the immunohistology examination. The antiHuman-Nuclei antibody was previously tested and the process showed positive human cells in a control tissue. However, previous studies have shown functional recovery without positively recognizable implanted human cells presence after a period of time (Oliveira, 2003; Smith et al. 2011; Katare, et al. 2014) . 
Discussion
In the OF, according to Harsha and Anilakumar (2013) , an increase in crossings along the testing days could be explained by the animal's acquaintance to the environment, suggesting the idea of safeness to exploring the apparatus. Our results show that the animals in Control group, DPDTh-SCs and RTm-SCs groups behaved in a similar way, exploring more the apparatus along the testing days. These The differences observed in the first day of crossings between RTm-SCs group and the AMPA group, may suggest the implants increased the exploratory behavior in implanted rats. Unlike the animals RTmSCs implanted, the AMPA group, spent more time exploring the center area of the apparatus, reflecting a riskier behavior.
_______________
In the ETM, apparently the three implanted groups showed a better performance than the AMPA group, but only one of them exhibited statistical meaning. In the trial, it was identified statistical significance between ATh-SCs group and the AMPA group in the 'acquisition of inhibitory avoidance'. Perhaps it only happened in the ATh-SCs group because the test was not specific to evaluate the ability of learning new tasks or because of the small number of animals in the groups.
It was not possible to identify statistical differences between the control group and the AMPA group in the OR test. Yet, it was interesting to notice a better performance of the ATh-SCs group than the control group. More studies should be done to understand the reason of this finding. The lack of significant differences in this behavioral test may also be explained by the low specificity of the test to evaluate long-term memory, as well as the small number of animals per group.
There is a number of articles showing in vivo studies for different experimental models involving MSCs from several species, suggesting that MSCs may have function across species barriers (Li, Ezzeralab and Cooper, 2012) . Human MSCs have been tested in at least seven different recipient species, and MSCs from four different species were demonstrated to function across species barriers (Li et al., 2012) . Therefore, it would not represent a reason this could be the reason of such improvement in the animal's behavior.
It was not possible to identify the implanted cells in the histology. Some studies have shown functional effects in different models and instances after human implanted stem cells but no histological positive cells. The possible reason is that the cells were dead or depleted by immunoreactions. Few studies show short period of cell survival and still functional recovery (Smith, et al., 2011) . None the less, the migration of the SCs to injured tissues in animal models is associated to not yet clearly understood cell mechanisms. Such mechanisms are likely to be involved in the production of paracrine, anti-inflammatory and anti-apoptotic factors (Roux et al., 2011) . Paracrine effect is defined as a form of communication between two different cells. One releases chemical mediators to its immediate environment, resulting in a change in the behavior of a cell in its adjacent environment (Anthony and Shiels, 2013) .
In a study of organ bio-distributions of transplanted MSCs in mice with acute kidney injury, Cheng and colleagues (2013) found out that after intravenous administration, MSCs were largely localized in pulmonary capillaries but cells survived only transiently. Transplanted MSCs did not migrate to kidneys from peritoneal cavity nor renal subcapsular space, but it was identified the presence of over forty regulatory cytokines protecting renal tubular cells from cisplatinum-induced cytotoxicity.
Besides, Joyce and colleagues (2010) , in a study of acute cerebral injury, demonstrated that a very limited number of grafted SCs characterized a stable implant; and SCs revealed an intense migration to injured sites, promoting endogen neuronal growth, decreasing the apoptosis or inflammation. However, in a transient way, once they had disappeared in time (Joyce et al., 2010) .
Study Limitations
Even though there were differences in behavioral performance, the histology was not conclusive for cell identification and
